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(54) Respiratory humidif Ication system 

(57) A flow probe (19) for use in a humidif ication 
system is disclosed. The flow probe (19) is adapted to 
be positioned in a humidified gases flow (for example 
oxygen or anaesthetic gases) such as that which is pro- 
vided to a patient (13) in a hospital environment. JQie- 
ftowprobe (19> is d esigned to provide faoth Jepfigeraturft 
and flow rate sensing of the ga ses flow by inco^orafing 
two sensors (34, 35 preferaBy thermistors) and the 
shape and alignment of the probe (19) enables accurate 
readings by reducing the occurrence of condensation 
on the sensors (34. 35). A number of possible applica- 
tions are disclose wherein the flow sensor (19) is 
infill KipdJn.iaumiditicatLQEL- CQQtrol S N^tems which pro- 
vide a patient (13) with a desired humlBifTlevel or sinv 
plify the amount of user input required or wherein the 
flow sensor (19) provides a controller (11) with flow 
information which may then be used to determine cer- 
tain, possibly dangerous, conditions (such as incorrect 
flow sensor placement, breathing circuit disconnected, 
no water in the humidification chamber (4) or humidity 
out of required limits). 
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Description 

BACKGROUraD OF THE INVENTION 
5 Field of the Invention 

This invention relates to gases distribution systems and in particular, though not solely, to respiratory humidifier 
systems which humidify gases for a patient, or other person in need of such gases, to breathe. 

10 Description of the Prior Art 

Many, if not all, existing respiratory humidrfication systems which deliver humidified gases (such as oxygen or 
anaesthetic gases) to a patient, or other person in need of such gases, operate as temperature controllers. That is, the 
temperature of the gases leaving the humidif ication device In the breathing circuit is monitored arxi the heat source con- 
15 trolled in response to changes in that temperature to achieve a desired outgoing humidified gases temperature. An 
example of this type of humidifier control system is disclosed in our prior United States Patent No. 5,558,084. This 
method of control has a number of disadvantages including: 

In situations with high incoming gases temperature (approaching the desired outgoing gases temperature) little 
20 heat is necessarily supplied to the gases by the humidification process to achieve the required temperature. 
Accordingly, little humidification of the gases is also achieved. 

The dependency on temperature sensors in this control method means that incorrect placement or connection of 
the tennperature sensors can lead to impaired performance of the entire humidification and breathing system. 
Lack of flow sensors which, if provided, would enable certain breathing circuit conditions to be easily recognised 
25 and appropriate action to be taken by the humidification device (and/or the gases supply). Flow sensors have pre- 
viously not been utilised in humidification systems due to insufficient robustness and problems of condensation 
occurring on the flow sensor, leading to incorrect flow readings. 

Gases being supplied to the patient at a pressure/humidity combination which is inappropriate. It is well known that 
certain humidity levels are required of gases which are to be administered to a patient. Different humidity values 

30 are specifically suitable to intact (for example face mask) or bypassed (intubation delivery of gases) ainvays. Tem- 
perature sensing alone can not ensure that these required temperature/humidity values are achieved. 
Some existing respiratory humidification devices require users to adjust dials which have little or no intuitive rela- 
tionship to the actual physical parameters they are intended to control. Often the dials adjust the required gases 
outlet temperature and/or the heating supplied by the heater wire provided within the conduit connecting humidifier 

35 to patient (and sometimes also the conduit connecting the patient back to the gases supply). The most important 
parameter in humidified gases supply to a patient is the humidity of the gases as insufficient humidity can very 
quickly dehydrate the patient's airways. Accordingly, users have little or no idea where to position the dials to pro- 
duce the desired result of optimum humidity in the supplied gases at the existing flow rate. An automated system 
in which the user need only inform the humidification device if the patient receiving the humidified gases has intact 

40 or by-passed airways would be a major ad\mnce. 

Many existing respiratory humidification devices display the gases temperature being siqDplied to the patient. As 
previously mentioned, the most important parameter in respiratory humidification systems is the humidity of the 
gases. Often, the temperature displayed has no relationship to the actual humidity of the gases being supplied to 
the patient due to heating in the delivery circuit and can therefore be misleading to the average health care profes- 

45 sional. It would, therefore, be an advantage if the temperature displayed was in some way related to or indicative of 
the humidity of the gases being supplied to the patient. 

BRIEF SUMMARY OF THE INVENTION 

50 It is. therefore, an object of the present invention to provide a respiratory humidifier system which will go at least 
some way towards overcoming the above disadvantages or which at least provide the industry with a useful choice. 

Accordingly, in a first aspect, the invention consists in sensor probe means adapted for positioning in a flow of 
humidified gases comprising: 

55 sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longitudinal 
axis substantially perpendicular to said humidified gases flow and a sensing end, 
sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one projecting 
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tab means providing surfaces which enable liquid condensate to disperse away from said sensing end of said sen- 
sor housing means. 

In a second aspect, the invention consists in humidification apparatus for humidifying a gases flow to be supplied 
5 to a patient or other person in need of such gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 
10 of water in said humidification chamber means in order to provide water vapour to said gases flow passing through 
said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 
gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, 
75 temperature sensing means adapted to sense the temperature of said gases flow, 
user input means to allow a user to set a required temperature of said gases flow, 

control means which receives input from said flow probe means, said temperature sensing means and said user 
input means and controls said heating means in response to said inputs to maintain said gases flow at said 
required temperature. 

20 

In a third aspect, the invention consists in humidification apparatus for humidifying a gases flow to be supplied to a 
patient or other person in need of such gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
25 gases flow to pass through said humidification chamber means, 

.heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 
. of water in said humidification chamber means in order to provide water vapour to said gases flow passing through 
said humidification chamber means, said heating means utilising a measurable quantity of power, 
gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 
30 gases flow to said patient or other person in need of such gases. 

if loW'probe means adapted to sense the flow rate of said gases flow, 

^control means which receives input from said flow probe means and storing a program which causes the control 
means to. 

35 i) calculate the power usage required of said heating means in order to huinidify said gases flow to a predeter- 

mined level at the gases flow rate sensed by said flow probe means. 

ii) determine the power presently being utilised by said heating means, and 

iii) supply said predetermined level of power to said heating means if the determined present power utilisation 
of said heating means is less than sard required power usage. 

40 

In a fourth aspect, the Invention consists in humidification apparatus for humidifying a gases flow to be supplied to 
a patient or other person in need of such gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
45 gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 
of water in said humidification chamber means in order to provide water vapour to said gases flow passing through 
said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 

so gases flow to said patient or other person in need of such gases. 

flow probe means adapted to sense the flow rate of said gases flow, 

temperature sensing means adapted to sense the temperature of said gases flow, 

user input means to allow a user to select a desired gases humidity level of said gases flow. 

data storage means containing information on target gases temperatures at various gases flow rates for a number 

55 of humidification chamber outlet means temperatures. 

control means which receive input from said temperature sensing means and said user input means and using 
said flow information from said flow probe means repeatedly obtains corresponding target tenperature information 
from said data storage means corresponding to the desired gases hunriidity level and varies the heat provided by 
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said heatipg means until the sensed temperature is substantially equivalent to said target temperature in order to 
obtain said desired gases humidity level. 

In a fifth aspect, the invention consists in humidif ication apparatus for humidifying a gases flow to be supplied to a 
5 patient or other person in need of such gases comprising: 

humidif ication chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
gases flow to pass through said humidif ication chamber means. 

heating means provided adjacent said humidif ication chamber means and adapted to provide heat to said quantity 
10 of water in said humldification chamber means in order to provide water vapour to said gases flow passing through 
said humidification chamber means. 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 
gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, 
15 temperature sensing means adapted to sense the temperature of said gases flow, 

user input means which may be in one of a predetermined number of states corresponding to one of a number of 
gases delivery configurations, each configuration optimally requiring a predetermined gases temperature and 
humidity level, 

control means which receives input from said flow probe means, said temperature sensing means and said user 
20 input means and controls said heating means to provide said gases flow to said patient or other person in need of 
such gases at a temperature and humidity le^el as indicated by said user input means. 

In a sixth aspect, the invention consists In humidification apparatus for humidifying a gases flow to be supplied to a 
patient or other person in need of such gases comprising: 

25 

humidification chamber means adapted to hold a quantity of water and having an Inlet and an outlet to allow said 
gases flow to pass through said humidification chamk>er means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 
of water in said humidification chamber means In order to provide water vapour to said gases flow passing through 

30 said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 
gases flow to said patient or other person in need of such gases, said gases transportation pathway means having 
a patient end. distal to said end connected to said outlet of said humidification chamber means, 
first temperature sensing means adapted to sense the temperature of said gases flow substantially at said outlet of 

35 said humidification chamber means, 

second temperature sensing means adapted to sense the temperature of said gases flow substantially at said 

patient end of said gases transportation pathway means, 

display means adapted to display temperature information to a user, 

control means which receives Input from said first temperature sensing means and outputs a signal to said display 
40 means to cause a temperature to be displayed to the user which is the lower of the temperatures sensed by said 
first and said second tenrperature sensing means. 

in a seventh aspect, the invention consists in humidification apparatus for humidifying a gases flow to be supplied 
to a patient or other person In need of such gases comprising: 

45 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 
of water in said humidification chamber means in order to provide water vapour to said gases flow passing through 
so said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 

gases flow to said patient or other person in need of such gases. 

flow probe means adapted to sense the f bw rate of said gases flow, and 

control means which receives input from said flow prdDe means and compares the sensed flow rate of said gases 
55 flow with a predetermined minimum required gases flow rate and places the humidification apparatus into a safe 
mode of operation if the sensed rate is less than said predetermined minimum rate. 

In an eighth aspect the invention consists in humidification apparatus for humidifying a gases flow to be supplied to 
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a patient or other person in need of such gases comprising: 

humidification channber means adapted to hold a quantity of water and having an inlet and an outlet to allow said 
gases flow to pass through said humidif ication chamber means, 
5 heating means provided adjacent said humidification chamber means and adapted to provide heat to said quantity 

of water in said humidification chamber means in order to provide water vapour to said gases flow passing through 
said humidification chamber means. 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey said 
gases flow to said patient or other person in need of such gases, said gases transportation pathway means having 

10 a patient end. distal to said end connected to said outlet of said humidification chamber means. 

humidity sensing means which senses the humidity of said gases flow being supplied to said patient, 
timer means which may be used to time certain humidification apparatus events, 
alarm means which may be energised to provide a warning signal after a predetermined alarm time, 
storage means which stores said alarm times for a number of associated sensed humidity values, and 

15 control means which stores a program which causes the control means to: 

i) receive input of said sensed humidity value from said humidity sensing means. 

ii) obtain from said storage means the alarm time associated with said sensed humidity value. 

iii) start said timer means. 

20 iv) wait until the time elapsed by said timer means substantially equals said alarm time and 

v) energise said alarm means to provide said warning signal. 

In a ninth aspect the invention consists in humidification apparatus for humidifying a gases flow to be supplied to a 
patient or other person in need of such gases comprising: 

25 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
50 passing through said humidification chamber means. 

-: heating means power utilisation sensing means which monitors the level of power being used by said heating 
means. 

heating means temperature sensing means which senses the temperature of said heating means, 
gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
35 said gases flow to said patient or other person in need of such gases, said gases transportation pathway 

means having a patient end. distal to said end connected to said outlet of said humidification chamber means, 
alarm means which may be energised to provide a warning signal after a predetermined alarm time, and 
control means which stores a program which causes the control means to; 

''^ >) determine a difference temperature by subtracting the gases temperature determined by said gases flow 

temperature sensing means from the heating means temperature sensed by said heating means temper- 
ature sensing means. 

ii) detemiine a power requirement value for the heating means from said heating means power utilisation 
sensing means, 

iii) calculate a thermal conductivity value by dividing said power requirement value by said difference tem- 
perature, 

iv) energise said alarm means if said calculated thermal conductivity value is less than a predetermined 
minimum allowable thermal conductivity value. 

so In a tenth aspect the invention consists in humidification apparatus for humidifying a gases flow to be supplied to a 
patient or other person in need of such gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

hearing means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means, said heating means utilising a measurable quantity of 
power. 
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gases transportation pathway means connected to said outlet of said humidif ication chamber means to convey 
said gases flow to said patient or other person in need of such gases, 

gases transportation pathway heating means which are energisable to supply heat to said gases flow along at 
least a part of the length of said gases transportation pathway means, 
5 gases temperature sensing means which senses the temperature of said gases flow leaving said humidif ica- 

tion chamber means, 

user input means to allow a user to enter a required temperature offset value which is the required difference 
in temperature between the said sensed gases temperature and the temperature of the gases flow delivered 
to said patient, 

10 control means which stores a program which causes the control means to: 

i) determine the gases temperature of the gases leaving said humidification chamber means using said 
gases temperature sensing means, 

ii) receive said offset temperature value from said user input means, 

15 iii) calculate an ainnfay set-point temperature by adding said gases tenrperature to said offset temperature. 

iv) energise said gases transportation pathway heating means to increase the temperature of said gases 
flow by said offset value along the length of said gases transportation pathway means. 

To those skilled in the art to which the invention relates, many changes in construction and widely differing enU^od- 
20 iments and applications of the invention will suggest themselves without departing from the scope of the invention 
as defined in the appended claims. The disclosures and the descriptions herein are purely illustrative and are not 
intended to be in any sense limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

The invention consists in the foregoing and also envisages constructions of which the following gives examples only 

One preferred form of the present invention will now be described with reference to the accompanying drawings in 
which; 

30 

Rgure 1 is a front elevation of a flow probe constructed according to one preferred embodiment of the present 
invention, 

Rgure 2 is a view from below of the flow probe of Rgure 1 , 

Rgure 3 is a cross-sectional side elevation of a breathing circuit showing the flow probe of Figure 1 installed within 
35 the conduit. 

Rgure 4 is a cross-sectional view from below of the breathing. circuit of Figure 3 showing the flow probe of Figure 
1 installed in the conduit, 

Rgure 5 is a schematic diagram of a respiratory humidification system incorporating the flow probe of Figure 1 , 
Rgure 6 is a flow diagram of one preferred embodiment of a humidity and temperature control system utilised in 
40 the respiratory humidification system shown in Figure 5, 

Rgure 7 is a graph of the target outlet temperature required (for a desired humidity level) versus flow rate illustrating 
one prefen-ed embodiment of a humidity and/or temperature control system utilised in the respiratory humidification 
system shown in Figure 5, and 

Rgure 8 is a graph of humidity (or dewpoint) versus time to alarm in an example humidification system such as that 
45 shown in Figure 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference to the accompanying drawings and in particular to Figure 5, an example humidification apparatus 
50 or respiratory humidification system incorporating prefen'ed embodiments of the present invention is illustrated. 
Included in the respiratory humidification system is a ventilator or gases supply means or blower 1 having an outlet 2 
which supplies gases (for example oxygen, anaesthetic gases or air) to the inlet 3 of a humidification chamber means 
4 via a conduit 6. Humidification chamber means 4 may, for example comprise a plastics formed chamber having a 
metal base 7 sealed thereto. Humidification chamber 4 is adapted to hold a volume of water 8 which is heated by a 
55 heater plate means 9 under the control of controller or control means 11 of a humidification device or humidifier 1 0. 

As the water within chamber 4 is heated it will slowly evaporate, mixing water vapour with the gases flow through 
the humidification chamber from ventilator 1 . Accoitiingly,J:uimidifi6d'gases4eaMeJiyj^^ ^j^^i^^'' ^ via outlet 
12 and are passed to a patient or other person in need of such gases 13 through a gases transportation pathway or 
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in spiratory conduit 14 . ]n order to reduce condensation with in the inspirator y conduit 14 and to raise the temperature of 

thej^^sfiS43rovdded4Q4he^.ati^^ meanTTSTn^eep^v^ iroyB e^rieigisggiln^ 

trol of con frghTiea ns 11. " " — - "" "^^-^^^ 

In Figure 1 a gases masl^ 16 is shown over the patient's nose and mouth (refen-ed to as "Intact Ainways" gases 
5 delivery) however it should be understood that many gases delivery configurations exist such as intubation in which a 
delivery tube is positioned in the patient^s trachea to by-pass the patient's ainways (known as "Intubated Airways" gases 
delivery) It is also possible to provide a return path for the patient's exhaled gases bacl^ to ventilator 1. In this case a 
suitable fitting such as a "Y-piece" may be attached between the patient (13), inspiratory conduit (14) and an expiratory 
conduit (not shown) which Is connected to an Inlet (not shown) of ventilator 1 . 
10 Control means 1 1 may for example comprise a microprocessor or logic circuit with associated memory or storage 
means which holds a software program which, when executed by control means 1 1 controls the operation of the humid- 
if ication system in accordance with instructions set in the software and also in response to external inputs. For example 
^nti2ljrLeansJijmay.b^ input from h^egler plate 9_s albaLSSnfrol means 11 is provided with information 

on the temperature and/bri^iwer^^ 
'5 iQE!::||ts ^ernperatu re of the gasets tiov^toPe>a[gpie^ P^Q*^? , ,1 '^ J J}^^P^ ^J^' 

,;;vWed at or near tiie:p^^^iMi^^^^feses.tempeiatuce,bein 
prcfee lB maiy'be provided to Indica t e to control me apsJJ^g t^^^ 

^ei Ik: ornumiamc^tiiSr^^ sens ing^neansiOr-flow^Pjpbe 19 may^te_~provided*an>5w«fe^^ 

20 Jjow^sses). The flow probe 1 9 is shown in Figure 5 in the same position as temperature probe 1 8 as the two devices 
may^bth be provided in one probe as will described below. 

A still further input to control means 1 1 may be a user input means or switch 20 which could be used to allow a user 
(such as a health care professional or the patient themselves) to set a desired gases temperature of gases to be deliv- 
ered or a desired gases humidity level to be delivered or alternatively other functions could be controlled by switch 20 
25 such as control of the heating delivered by heater wire 1 5 or selecting from a number of automatic gases delivery con- 
figurations (which will be described below). 

A number of preferred embodiments of the system (or parts thereof) set out above will now be described in more 
detail. 



30 Flow Probe 



With reference to Figures 1 and 2, the preferred form of flow probe 1 9 Is shown. Flow probe 1 9 is preferably formed 
by moulding in a plastics material such as polycarbonate and comprises a base portion 30 adapted to hold wire con- 
ductors (48 in Figures 3 and 4) which carry electrical signals to and from control means 1 1 . Protruding from base 30 is 

35 a stem 31 which has at least one sensor housing means 32 and 33 protruding from Its end furthest from base 30. Sen- 
sor housing means 32 and 33 are preferably rounded in cross-section and substantially tapered or conical in elevation 
with a rounded tip at the end (the sensing end 36) furthest from base 30. 

Shown in Figure 1 are two sensor housing means 32 and 33. In the embodiment shown, one sensor housing 
means 32 is provided as a temperature sensing means while the other sensor housing means is provided to perform 

40 the function of flow rate sensing means. Within sensor housing means 32 and 33 are sensing means 34 and 35, for 
example thermistors (temperature dependent resistors), which are provided to sense the respective properties of tem- 
perature and flow rate of the gases flowing in the humidif ication system. In the case of the tennperature sensing means 
34. conti-oller 1 1 may provide a voltage across tiie thermistor and receive a temperature signal in the form of the current 
passing tiirough the thermistor which will be dependent on the temperature of the gases. To protect thermistor 34. sen- 

45 sor housing means 32 completely encases or encapsulates the tiiermistor, however as there is only a tiiin layer of plas- 
tics material between the thermistor and tiie gases flow, the temperature reading obtained is still accurate. 

In the case of the flow sensing means 35. controller 1 1 may on occasion provide a current to the tiiermistor for a 
duration sufficient to warm the thf^rmistor to a first known temperature and then disconnect the cun-ent supply and mon- 
itor the change In temperature of tiie tiiermistor (by monitoring its change in resistance). Controller 1 1 may then start a 

50 timing means and determine the lengtii of time taken for the thermistor's temperature to drop to a second predeter- 
mined temperature. The time taken for the thermistor 35 to change in temperature form ttie first to the second known 
temperature along with a known cross-sectional area of gases flow (for example a 12 mm diameter conduit) providing 
controller 1 1 with an indication of the flow rate of tiie gases as they conduct heat away from the heated thermistor. It 
can be seen tiiat tiiermistor 35 is not encased or encapsulated in the same way as thermistor 34. This is because any 

55 layer of material between the tiiermistor 35 and the gases flow would influence the heat fransfer rate from thermistor to 
gases and tiius reduce the accuracy of the flow rate reading. 

In a more preferable embodiment, the flow rate of the gases flow would be determined by supplying current to ther- 
mistor 35 to raise its temperature above the temperature of the gases flow by a preselected difference temperature, for 
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example 60* C. Controller 1 1 then monitors the power drawn by thermistor 35 in maintaining the fixed temperature dif- 
ference The power usage In association with tlie cross-sectional area of the gases flow (for example a 1 2 mm diameter 
conduit in the region of the flow probe) provide the controller 1 1 with an indication of the flow rate, allowing the controller 
to determine the actual flow rate of the gases. In order for thermistor 35 to maintain the difference temperature it will be 

5 necessary to occasionally determine the actual temperature of thermistor 35 while also heating thermistor 35. This may 
be achieved by removing the heating current from the thermistor temporarily and placing a low sensing voltage across 
thermistor 35 and sensing the current through thermistors 35. In this way the resistance of thermistors 35 can quickly 
be measured and a value of temperature deduced from previously stored characteristic temperature versus resistance 
data for thermistor 35. The sensing voltage may then be removed and the heating current reapplied if the predeter- 

10 mined temperature difference has not been achieved or controller 1 1 may delay applying further heating to thermistor 
35 if the temperature difference has been met or exceeded. 

As the exposed surfaces of flow probe 19 will generally be at a lower temperature than the humidified gases flow 
passing over It, condensation is likely to occur on its surfaces. It should be understood that any liquid water accumulat- 
ing on the flow sensing thermistor 35 will adversely affect the flow rate reading as the liquid water will absorb some of 

15 the heat produced by the thermistor. In order to reduce or eliminate the occurrence of liquid water accumulation on the 
sensors, the flow probe according to the preferred enrtbodiment of the present invention is provided with at least one 
"wing" or projecting tab means and in the example shown in Figures 1 and 2 two tab means (37. 38. 39 and 40) are 
shown per sensor housing means (although it may be possible to utilise one projecting tab means per sensor housing 
means). In cross-section each tab means is preferably rectangular and extends along the length of the sensor housing 

20 means from stem 31 to the sensing end of the sensor housing means (although it may not be necessary tar the project- 
ing tab means to extend the full length of the sensor housing means). In the preferred embodiment the outer edge of 
the projecting tab means is substantially a constant distance from the centre line of the sensor housing means along its 
entire length. As the sensor housing means is tapered, the projecting tab means is therefore triangular in elevation 
extending preferably perpendicularly from the sensor housing means surface. Preferably the projecting tab means are 

25 integrally moulded with the flow probe 19, however, it would be possible to separately manufacture the projecting tab 
means and attach them to the surtece of the sensor housing means. 

With reference now also to Figures 3 and 4. in use. flow probe 19 is inserted into a sensor entry port 41 in a conduit 
connector 42. Sensor entry port 41 comprises a substantially cylindrical wall extending perpendicularly from conduit 
connector 42. Conduit connector 42 connects two conduits 43 and 44 of the breathing circuit or may alternatively be 

30 moulded as part of a conduit, for example, as part of inspiratory conduit 14. As may be seen most clearly in Figure 4. 
the flow probe 19 is positioned with relation to the gases flow (indicated by arrows) to ensure that the projecting tab 
means 37, 38. 39 and 40 are each aligned parallel to the gases flow. As condensation forms on the sensor housing 
means it is caused to run away from the sensor end 36 by the action of the gases flow passing over its surface com- 
bined with a localised region of low surface tension in the vicinity of the line of contact of the projecting tab means and 

35 the surface of the sensor housing means. Accordingly, condensate tends to flow along the line of intersection (for exam- 
ple line 45) away from sensor end 36 towards stem 31 as desired. 

In order to ensure that, upon insertion of flow probe 19 into sensor entry port 41 , the projecting tab means are cor- 
rectly aligned with the gases flow (as incorrect alignment will not produce the desired affect of removing liquid from the 
sensor tip), the prefen^ed embodiment of the present invention also includes a sut>stantially ''V shaped locating tooth 

40 means 46 adjacent the stem 31 and also projecting from base portion 30. A complimentary substantially ''V" shaped 
notch or fixed locating depression 47 Is provided in the wall of sensor entry port 41 . Accordingly, a user inserting the 
flow probe 19 will find that in order to fully and securely insert the flow prot>e into the conduit (or conduit connector), it 
will be necessary to rotate the flow probe until the locating tootii means 46 and locating depression 47 are combined at 
which time tine flow probe will be correctiy aligned to ensure that condensation will tend to run away from the sensor tips 

45 as previously described. 

Furthermore, in order to ensure that heat generated by the operation of the flow sensing thermistor 35 does not 
substantislly impact upon the temperature sensing thermistor 34, it can be seen in Figure 4 that upon alignment of 
locating tootii means 46 and locating depression 47. the temperature and flow sensing thermistors are displaced across 
the gases flow (that is, they are not aligned in the direction of flow) so that they are each substantially unaffected by the 

50 Others presence. Also, the heat producing flow sensing thermistor 35 is positioned upstream of the temperature sensing 
thermistor so that the generated heat is carried away from the temperature sensor by the gases flow, 

An advantage of providing a reliable flow probe in the humidif ication apparatus according to the preferred form of 
the present invention is that the humidification apparatus can recognise conditions which would impair the humidifica- 
tion apparatus' performance (such as occurrences of suctioning, circuit disconnects and nebulising treatments) by mon- 

55 itoring the flow rate and or temperature for telltale indicative conditions. Once it is determined that a certain recognised 
condition is occurring, appropriate action may be taken (such as raising an alarm or removing heat from heater plate 
9). The humidification apparatus could, for example, determine if the temperature probes have been incorrectly placed 
or removed from the circuit by, for example sensing no flow witii an associated low (ambient) temperature. 



8 



EP 0 885 623 A2 



The following are a number of preferred uses or applications for the flow probe according to the preferred form of 
the present invention. 

Humidifier Control System - Minimum Power IVIethod 

5 

An important parameter of the gases flow supplied to the patient 1 3 or other person in need of such gases is the 
humidity. It is well known that gases which are too dry (having a low relative humidity of between around 60% and 70%) 
can very quickly dehydrate the patient's airways causing discomfort. The controller 1 1 of the humidif ication apparatus 
according to the preferred embodiment of the present invention preferably includes a control system which attempts to 

10 maintain the relative humidity of the gases flow at a desirable level (greater than about 90%). One situation where this 
type of control is desirable is where the temperature of the inlet gases to the humidif ication chamber 4 rises to a tem- 
perature similar to the gases outlet temperature. In this situation, as very little energy is required to be supplied to the 
gases (to raise their temperature), it Is not possible to provide sufficient energy to the water 8 in the humidiflcation 
chamber and tiierefore insufficient water vapour is available to humidify to the gases, accordingly, while the temperature 

IS of gases supplied to the patient 13 is desirable, the relative humidity is not. When the incoming gases temperature is 
much less than the required outiet gases temperature then it can virtually be assumed that in the process of providing 
a large amount of energy in raising the gases temperature to the required value, much water will have been vaporised 
in the humidification chamber 4 and accordingly the relative humidity of the gases will be high. 

In order to control the humidity of the gases flow reaching the patient, tiie humidification apparatus according to the 

20 present invention requires information relating to tiie flow rate of tiie gases. This may be achieved by inserting a flow 
probe, preferably as descrtoed above, into the gases flow. This control system will now be described witii reference to 
the flow diagram of Rgure 6. 

The control system starts at block 49 witii heater plate 9 being energised to provide heat to the water within the 
humidification chamber 4. At block 50 gontroller 1 1 reads a required humidity wh ich has either been preset in memory 
* 25 by the manufacturer or has been input by a user via a userinput such as user input 20 in Figure 5. At block 51 controller 
1 1 receives information from flow sensing tiiermistor 35 in order to determine the flow rate of the gases flow (this may 
be accomplished as previously described). At block 52 controller 1 1 determines tiie minimum power required to gener- 
ate tiie required humidity level in tiie gases flow at the sensed flow rate This may be achieved by carrying out a calcu- 
lation using a formula stored in memory or. preferably, a data storage means or memory device associated with the 

30 control means 11 has a data look up table of flow rates and tiieir associated minimum required power values at a 
number of desired humidity levels stored tfierein which is interrogated by the control means using the sensed flow rate 
and the required humidity value. Control means 1 1 could determine the required power level of heater plate 9 by sens- 
ing the gases flow rate and receiving a user input desired humidity level and calculating (or alternatively obtaining from 
a look up table of experimentally derived or previously calculated values) a required evaporation rate to obtain the 

35 desired humidity level at that flow rate. Controller 1 1 could tiien calculate (or alternatively obtain from a look up table of 
experimentally derived or previously calculated values) the power required to be supplied by heater plate 9 in order to 
produce the determined evaporation rate tiius ensuring the required humidity level is achieved. 

At block 53 (which is not an essential step In the method) the control means 11 controls tiift tPmporatMro nf tho 
gases leavingjhe^outlet of the humidif icatj on chamber at a preset (either by the user or manufacturer) temperature (for 

-'o example 'iii^dfky^im Known way oyj^ajii^ergaiJ^ ^ or power with gases outlet temperature 

feedback supplied to the controller via temperature sensor 18 (or by t he temperature sensing part of flow probe 19). 

At block 54, tiie present power utilisation of the heater plate 9 is determined and a decision is made as to whetiier 
the present power utilisation of the heater plate is less tiian tiie value calculated at block 52. The present power utilisa- 
tion couW, for example be calculated bythe controller 1 1 sensing tiie current supplied to the heater plate and multiplying 

45 this sensed cun-ent value by tiie voltage supplied to tiie heater plate. Alternatively, the beater plate average power could 
be determined by calculating tiie percentage of time for which the heater plate is energised and multiplying this by the 
rated power value of tiie heater plate. For example, if the heater plate Is energised for 40% of the time and tiie rated, 
power of the heater plate is 150 Watts' then.the average power utilised by tiie heater plate would be 60 Watts. It could 
be assumed that the heater plate voltage will be constant. If the presently determined power utilisation is not less than 

60 the minimum value determined to be necessary to provide the desired humidity level then control returns to block 50 
where the previously described steps are repeated the patient receiving appropriately. humidified gases, until the deci- 
sion at block 54 reveals that the heater plate power consumption has dropped below the required level to supply ade- 
quately humidified gases. 

At this point control passes to block 55 where the power supplied to heater plate 9 is increased (for example by var- 
55 ying a pulse width modulated supply voltage to the heater plate or simply increasing a variable voltage supply) to the 
level determined in block 52 in order to ensure tiiat tiie gases are adequately humidified. This will cause the outlet 
gases temperature to rise above the set temperature, however this is necessary in order to provide adequate humidity. 
A check is tiien made at block 56 (which is also not a required step in the method) to see if tiie outlet gases temperature 
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has dropped below a predetermined temperature (say 37°C). If the outlet gases temperature has dropped below the 
predetermined temperature then it can be assumed that the gases wilt be receiving the required level of humidity as 
they are at a temperature sufficiently above the assumed gases inlet temperature. If the outlet gases temperature has 
not dropped to below the predatermined temperature then the calculated minimum power level continues to be supplied 
5 to the gases. It can therefore be seen that: 

1) in the absence of a temperature sensor, the control system wilt continually supply to the heater plate the calcu- 
lated minimum required power to achieve adequate humidification, of 

2) where a temperature sensor is supplied, the control system will operate in two modes, a first "normal" mode 
10 where the outlet temperature is controlled in the known way to a desired temperature until the power utilisation of 

the heater plate drops to a level which indicates insufficient humidification at which point a new control mode oper- 
ates to maintain the heater plate power usage at the calculated minimum level until the outlet gases temperature 
drops below a preset temperature indicating that the Inlet gases temperature has dropped sufficiently to allow the 
hunnidif ication chamber to supply sufficient heat arKi humidity to the gases flow. 



Humidifier Control System - Desired IHumidity Method 

An alternative humidifier control system to that set out above will now be described with reference to Rgure 7. 

According to this alternative preferred control system, it is possible to control the humidity of the gases leaving the 
20 humidification chamber 4 to any desired level at any gases flow rate. This Is made possible by determining the gases 

flow rate, preferably using the flow probe described above, along with knowledge of the humidification chamber output 

versus flow and or breathing circuit characteristics. 

An example of the humidification chamber output characteristics are shown in Rgure 7 where it can be seen that 

for a given required gases humidity level, as gases flow rate is increased, the temperature of the gases at the humidifi- 
es cation chamber outlet drops rather steeply and then settles to a substantially constant temperature. This information 

may be experimentally derived for a number of target gases outlet temperatures and humidity levels and recorded in a 

memory storage device (for example in the fomi of a look-up table or a number of look-up tables) searchable by control 

means 11. 

In accordance with this control system, the user enters a desired humidity level to controller 1 1 by way of a user 
30 input device such as user input means 20 which may in this case comprise a dial or electronic key pad. The heater plate 
9 is then energised to warm the water within humidification chamber 4 and temperature prcbe 18 (or the temperature 
sensing part of flow probe 19) is used to provide a sensed outlet gases temperature signal to control means 1 1 . Utilising 
the present flow rate value sensed by flow probe 1 9 and the sensed temperature, controller 1 1 interrogates its memory 
device to determine the target outlet gases temperature required to achieve the desired humidity level at the present 
35 gases flow rate. 

At this point control means 11 controls the energisation of heater plate 9 in order to obtain the determined target 
outiet gases temperature which will provide the required level of humidity at the present gases flow rate. Energisation 
of heater plate 9 may, for example, take the form of pulse width modulation of the voltage supply to vary the power sup- 
plied to the heater plate or alternatively a variable voltage supply could supply the heater plate. 
40 As changes are made in either the flow rate of the gases or in the user set desired humidity level, controller 1 1 auto- 
matically determines an updated target outiet gases temperature from its storage device and appropriately controls 
heater plate 9 to provide that outlet gases temperature. 

For example, for a user set desired humidity level of 44mg H2O per litre of gases and a sensed flow rate F-^, con- 
troller 1 1 wilt Interrogate the tables in the storage device to determine a target gases outlet temperature of 37°C is 
45 required. Controller 1 1 then energises heater plate 9 in such a way (for example by PWM control of tiie supply voltage 
or current) that tiie Outiet gases temperature sensed by temperature sensor 34 is substantially equal to tine target tem- 
perature 6f 37ZC resulting in the desired absolute humidity of 44mg H2O per litre. 

As an addition to this control system, the memory device associated with control means 1 1 could also be supplied 
with information relating to the condensation characterif itiCR of thft,in fioiratory conduit. A heater wire 1 5 may be ener - 
so _gised by control means 1 1 tq ^ntFQUI:ie^dditior»a^heatiftgrT(^^ \ q thp re&v 

ceduce condensation in the condu it. This also reduces changes in the humidity level of the gases along the conduit (as 
less water will come out of the gases as condensation). lj3Jtfai&.CQi3fr ol system controller 1 1 may adjust the heating sup- 
j3lied by h6atQr.,a aceJ5 so th at^walL^con^^ the gases flow tfie tem perature may afefftrercontrotted 

^(altiiough in practicelRelieaterv^ coutd^n^TsupplyTfevI^^ 
55 may also conceivably use the heater wire setting to reduce humidity of the gases if they were being supplied at an 
excess level (in order to produce gases of a sufficiently high temperature) by causing rain-out to occur. Control means 
11 would tJaecunaaiBulate the heater,plate-and,heatec wire settings appropriately to provide the required gases humidity 
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Automated Humldlf ication Apparatus - "Single Button Humidifier" 

As a result of implementing eitlier of the above control systems in the humidif Ication apparatus of Figure 5. it would 
be possible to provide a humidifier which was extremely simple to use. requiring minimal Input from a user. An example 
of a simple to use humidiflcatioh apparatus would be as shown in Figure 5 with the only user input being switch 20. 
Switch 20 would preferably have a number of states or positions corresponding to a predetermined number of gases 
delivery configurations. One gases delivery configuration could be Intubated Airways and another could be Intact Air- 
ways. For each position or state of switch 20, a corresponding optimally required humidity value and temperature value 
is stored in a memory associated with controller 1 1. For example, for the Intubated Ainways configuration the optimal 
temperature may be about 37*»C and the optimal humidity value about 44mg H2O per litre of gases while the Intact Air- 
ways optimal temperature may be about 32*»C and the optimal humidity value about 30mg HgO per litre of gases. 

By utilising either one of the above described control systems it would thus be possible to control operation of the 
humidification apparatus without further user intervention once the gases delivery configuration is known. The control- 
ler 1 1 would repeatedly sense outlet gases temperature and flow rate and adjust heater plate power and possibly heater 
wire setting to automatically provide optimal (or as near to optimal as possible) gases temperature and humidity to 
patient 13. independent of changes in flow rate or inlet gases temperature. 

User Output - Temperature Display 

A further feature of the humidification apparatus according to a further aspect of the present invention is the incor- 
poration of a display means 60 (Figure 5) for displaying to the user the gases temperature being supplied to the patient 
13. it should be noted that this feature does not rely on the presence of a flow probe In the breathing circuit. Display 
means 60 is controlled by control means 11. It is l<nown that other respiratory humidifiers incorporate display means, 
however, the temperature which is displayed is invariably fixed at either the temperature of the gases at the patient end 
of inspiratory conduit 14 ( gs sensed by temperatur fijs^fi*t;isq,f j,7;),,piL^thft temperature of the gases at the humidification 
chamber outlet (as sensed by temperature~^seh'sor 18). 

Many health care professionals equate the displayed temperature with the amount of moisture contained in the 
gases. So bng as the gases supplied to the patient are at 100% relative humidity (that is. the gases contain as much 
water vapour as they can possibly hold at their present temperature) then the temperature of the gases supplied to the 
patient would be clinically accurate. However, if the delivered gases contain less than the maximum possible amount of 
moisture at their present temperature, then a humidifier which simply displays the delivered gases temperature could 
mislead a health care professional into believing that the patient Is receiving more humidity than they actually are. 

In the preferred form of the present invention, the temperature which is dj, spla^edj Ean,disBla x^ 60 is either the 
tem perature sensyii3yjse psQUA.ojLsensQ r-JB^ . wh ir . hetfOPi i & - th t HQW 6st*dSLs an example, a gases outlet tenperaturToT 
37*0 and an absolute humidity of 44mg H2O per litre of gases (approximately 100% relative humidity) may translate to 
an inspiratory conduit patient end temperature of 35*0 and an absolute humidity of 35mg H2O per litre of gases at the 
patient. Accordingly 9mg HgO per litre of gases is condensing in the inspiratory conduit while the gas remains at 
approximately 100% relative humidity along the conduit due to the drop in temperature. In this situation, the appropriate 
temperature to display to the user Is 35'C as a gas at a relative humidity of 100% at this temperature contains the 
amount of moisture indicated by a temperature of 35*0. 

If however the gases outlet temperature was 37*0 with an at^olute humidity of 44mg H2O per litre of gases (100% 
relative humidity) and the patient end temperature was 39*0 with an absolute humidity of 44mg H2O per litre of gases 
then the most clinically relevant temperature to display would be 37*0. This is because the gases arriving at the patient 
will no longer beat 100% relative humidity as no extra moisture has been provided to the gases along the inspiratory 
conduit although the gases have risen in temperature. The absolute humidity of the gases arriving at the patient is actu- 
ally associated with a gases temperature of 37*0 as this is the temperature corresponding to the amount of moisture 
within the humidified gases. In any event, as the patient end temperature is often measured at a distance of up to 30cm 
Horn the patient, by the time the gases arrive at the patient they have often dropped and so the lower temperature of 
37*0 is even more relevant to health care professionals. 

Automatic No Flow Standby Mode 

As has previously been mentioned, in many existing humidification systems, the controller simply senses temper- 
ature in order to adjust power delivered by the humidifier heater plate 9 and/or conduit heater wire 15. In a situation 
where the gases supply means or blower 1 Is disconnected from the breathing circuit these types of controllers will 
sense a lack of temperature as there will be no gases flow passing the temperature sensor. The controller then attempts 
to increase the temperature of the gases (which it assumes are still flowing in the breathing circuit) by increasing the 
power supplied to heater plate 9 and/or heater wire 15. As the temperature sensors are not able to register any increase 
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in temperature of the "flow", the controller 1 1 may continue to increase the power supplied to heating the non-existent 
gases flow to a dangerous level. If the gases supply is then re-established, the gases supplied to the patient could be 
at an unsafe temperature. 

In order to avoid the above series of events occurring, the flow sensor according to the prefen-ed form of the present 
invention could be incorporated into a humidification system. The controller could then determine if the humidifier has 
sufficient gases flow (say, for example 1 .5 litres per minute) for normal safe operation. If the gases flow is found to be 
insufficient then the humidifier could be placed into a safe mode of operation. The safe mode could include a limit on 
heater plate 9 temperature and/or limits on the duty cycle of voltage supplied to heater plate 9 and/or heater wire 15 
(that is, control of power levels). 

Humidity Alarm 

It is believed that an alarm (such as an audible and/or visual alarm) should be provided in a humidification system 
to warn the patient (or health care professional) when the gases supplied to the patient have been below (or above) the 
required humidity level for a period of time. It has been found that the alarm should be set to go off after a period of time 
which is dependent on the difference between the required humidity and the actual humidity level being supplied to the 
patient. The larger the difference, the sooner the alarm should occur. 

Figure 8 shows one possible graphical example of how the time delay may be set. based on the patient's physio- 
logical humidity needs. A number of different such "humidity profiles" could be stored in a memory device, each one 
based around a predetermined required humidity value (the example shows a required humidity value of 37**C). The 
relationship between temperature difference and time to alarm could conveniently be expressed in a table format stored 
in, for example, ROM (Read Only Memory) to be read by control means 1 1 such that the control means determines the 
humidity difference, looks up that difference in a table (the table selected depending on the required humidity value) 
which provides the appropriate time to wait before issuing the alarm. An alternative to measuring the humidity of the 
gases supplied is to monitor the actual dew point (temperature at which condensation starts to occur) of the gases and 
to determine the difference between the actual dewpoint and the required or optimal dewpoint (for example 37*C). The 
actual dew point could, for example be assumed to be the lower of the humidification chamber 4 temperature and the 
conduit 14tennperature. 

Water Out Alarm 

In a respiratory humidification system incorporating a humidification chamber 4, it is inperative that a certain min- 
imum level of water is maintained in order for the humidifier to have the atjilrty to supply water vapour to the gases sup- 
ply Accordingly, the health care professional administering humidified gases to the patient should occasionally check 
the water level and add more water when required. This job is sometimes overlooked. 

It is possible to utilise flow probe 1 9 in a humidification system which automatically determines when the water level 
drops to an insufficient level and raises an alann. Preferably, the heater plate 9 temperature, the humidification chamber 
4 temperature (or chamber outlet temperature) and heater plate 9 power requirement (the amount of power presently 
being supplied to the heater plate) are all monitored and utilized in the following equation to provide a value for Thermal 
Conductivity: 

Thermal Conductivity = ^ , Heater Plate Power Rb qui^^^^^ 

Heater Plate Temperature - Chamber Temperature 

Controller 1 1 compares the calculated thermal conductivity value to a predetermined threshold value (which itself 
is dependent on the gases flow rate determined by flow probe 19) which may be experim'^ntally determined at various 
gases flow rates. The calculated Thermal Conductivity value could for example, be updated every 5 minutes for exam- 
ple and an alarm could, for example, be raised after a period of 5 or 10 minutes have elapsed from the calculated Ther- 
mal Conductivity value dropping below the threshold (alternatively the alarm could be issued immediately). The 
following are experimentally determined examples of Thermal Conductivity values and preferred example threshold val- 
ues at different flow rates: 

Flow rate ^ 10 litres/minute 

Thermal Conductivity = 1.26 W/*C (with sufficient water in chamber 4) 
Thermal Conductivity = 0.26 W/*C (without water in chamber 4) 
Predetermined threshold = 0.5 W/*C 
Flow rate = 40 litres/minute 
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Thermal Conductivity = 1.81 W/'C (with sufficient water in chamber 4) 
Thermal Conductivity = 0.42 W/°C (without water in chamber 4) 
Predetermined threshold = 0.8 W/*C 

5 The predetermined threshold values at a number of flow rates could be stored in ROM accessible by controller 1 1 

so that the controller would simply determine the present flow rate of the gases, calculate the value of Thermal Con- 
ductivity, access the table in ROM based on the present flow rate and read out the associated predetermined threshold 
value. If the calculated threshold value is greater than the calculated Thermal Conductivity value then controller 1 1 
would wait the predetemiined period of time (for example, 5 or 10 minutes) before issuing an alarm so that the water 

10 level could then be topped up without a loss of humidity in the gases being delivered to the patient. 

Chamber Set-Point Tracking 

In a respiratory humidification system including a conduit heater wire, temperature and humidity are usually con- 
15 trolled so that gases supplied to the patient arrive at required temperature and humidity levels. In some situations the 
conduit heater wire 15 supplies sufficient energy to raise the temperature of the gases in the breathing circuit to achiev^e 
the desired temperature at the patient. On some occasions, the limited power available from the conduit heater wire 
(even at 100% duty cycle) is insufficient to raise the gases temperature to the required temperature of gases for the 
patient. More particularly, the inability of these humidification systems to maintain the required gases temperature at the 
20 patient end of conduit 14 usually results in condensation or "rain-ouT occurring In the conduit due to the humidified 
gases giving up too much of their heat to the conduit walls. The controller according to a further preferred embodiment 
of the present Invention includes a system to minimise or alleviate the above problem. 

Accordingly, rather than attempting to maintain the patient gases temperature at a desired level, the respiratory 
humidification system according to a preferred form of the present invention attempts to maintain a "temperature gradi- 
25 ent" along the length of conduit 14 and adjusts the required patient temperature (or "Airway setpoint") accordingly. The 
Airway set^soint value is calculated as follows; 

Airway set-point = chamber outlet temperature + offset 

30 Where the value of "offset" is for example 3°C and equates to the desired temperature gradient required along the con- 
duit 14. It should be noted that the value of "offset" chosen Is dependent on the physical properties and configuration 
of the conduit. 

For sample, for an offset of 3**C and a humidification chamber 4 outlet gases tenperature of 37** C, the heater wire 
15 will be energized appropriately (for example by adjusting its duty cycle) to maintain the temperature of gases sup- 

35 plied to the patient at 40**C. Similarly, if the chamber outlet temperature dropped to 31 ^0 then the temperature of gases 
supplied to the patient would be controlled to arrive at 34''C. In both Instances, a temperature gradient or difference of 
+3''G is maintained along the conduit minimizing or eliminating condensation. 

If it is found that the required offset value Is not maintainable (that is. the heater wire is incapable of raising the tem- 
perature of the gases in the conduit to the calculated required value sensed by. for example a temperature sensor near 

40 the patient end of conduit 14) then controller 1 1 will decrease the humidification chamber outlet tenperature (by for 
example, reducing the duty cycle of power supplied to heater plate 9) in order to maintain the required offset tempera- 
ture along the conduit. As an example, the controller could be programmed to begin to drop the humidification chamber 
outlet temperature in 0.5**C steps (to a minimum of for example 35.5**C) if the offset temperature value is not maintain- 
able at at least 2**C for 15 minutes. For example, for an offset value of 3**C and an initial chamber outlet temperature of 

45 37'*C. the gases supplied to the patient should be controlled to arrive at 40''C. If however the gases arriving at the 
patient are at 38.6 *C (an actual offset or difference of only 1 ,6*C), then controller 1 1 will drop the humidification cham- 
ber outlet temperature to dS-S^'C after 15 minutes. The above calculations will then be repeated and If the temperature 
of gases re?.ching the patient is not maintainable at 39.5*C then controller 11 will again consider dropping the humidi- 
fication chamber temperature This process will be repeated until a humidification chamber outlet temperature Is 

so reached at which the required conduit offset temperature can be mairrlained. Furthermore, the controller 1 1 could then 
attempt to raise the humidification chamber outlet gases temperature so that the gases supplied to the patient can 
again be established at a required temperature but only if this can be accomplished under the offset temperature con- 
straint. This would only be possible if ambient circumstances had changed. 

Thus, at least in the preferred form, the present invention incorporating all or some of the above described features 

55 provides a respiratory humidification system which enables humidity and/or temperature control of the humidified gases 
to be achieved. The gases flow probed according to one embodiment of the present Invention enables accurate flow 
rate measurements to be made without condensation affecting the sensor. In part this increased accuracy is also due 
to the locating system which ensures correct alignment of the flow and/or temperature probe in the gases flow. Due to 
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the ability to accurately sense flow rate with this flow sensor, the control systems according to the present invention are 
able to provide a gases flow to the patient which is controlled to a required humidity. The flow rate sensor also enables 
"automatic"control to be achieved whereby the user is not required to constantly monitor the output of the humidifier and 
' to alter inputs to achieve desired changes, the user is merely required to inform the humidifier of the patient's gases 

5 delivery situation and the humidifier is able to provide the required gases temperature and humidity without further user 
input. The humidifier also displays a gases temperature value which is clinically relevant to the gases reaching the 
patient. In addition, the respiratory humidification according to other preferred embodiments of the present invention 
encompasses various safety improvements over the prior art. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings may, both 

10 separately and in any combination thereof, be material for realising the invention In diverse forms thereof. 

Claims 

1 . Sensor probe means adapted for positioning in a flow of humidified gases comprising: 

IS 

sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 
tudinal axis substantially perpendicular to said humidified gases flow and a sensing end, 
sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 
20 jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 

of said sensor housing means. 

2. Sensor probe means as claimed in claim 1 wherein said sensor probe means corrprise two said projecting tab 
means. 

25 

3. Sensor probe means as claimed in claim 1 or claim 2 wherein said two projecting tab means are oppositely posi- 
tioned around said sensor housing means. 

4. Sensor probe means as claimed in claim 1 or claim 2 wherein each said at least one projecting tab means is 
30 aligned parallel to said gases flow. 

5. Sensor probe means as claimed In claim 1 or claim 2 wherein liquid condensate Is dispersed along the lines of 
intersection between said sensor housing means and said at least one tab means, there existing a localised area 
of low surface tension along said lines of intersection 

35 

6. Sensor probe means as claimed in claim 1 or claim 2 wherein said sensor probe means comprise two sensor hous- 
ing means, a temperature sensor housing means and a flow rate sensor housing means. 

7. Sensor probe means as claimed in claim 6 wherein said sensing means of said temperature sensor housing means 
40 and said flow rate sensor housing means each comprise a temperature dependent resistance. 

8. Sensor probe means as claimed in claim 6 wherein said sensing means of said flow rate sensor housing means is 
occasionally heated to a predetermined cfifference temperature above the temperature of said gases flow, and the 
power required by said sensor means of said flow rate sensor housing means to maintain said predetermined dif- 

45 ference temperature providing an indication of the flow rate of said gases. 

9. Sensor probe means as claimed in claim 6 wherein said sensing means of said flow rate senior housing means is 
exposed at or near the sensing end of the flow rate sensor housing means while the sensing means of said tem- 
perature sensor housing means is encapsulated at or near the sensing end of the temperature sensor housing 

so means. 

10. Sensor probe means as claimed in daim 6 wherein said temperature and flow rate sensor housing means are 
spaced across said gases flow in order that heat produced by the sensing means of said flow rate sensor housing 
means has substantially minimal effect on the sensing means of said temperature sensor housing means. 

55 

11. Sensor prcbe means as claimed in claim 6 wherein said flow rate sensor housing means is positioned up stream 
of said temperature sensor housing means in order that heat produced by the sensing means of said flow rate sen- 
sor housing means does not effect the sensing means of said temperature sensor housing means. 
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12- Sensor probe means as claimed in claim 1 or claim 2 wherein said gases flow is channelled within a conduit of 
known cross-sectional area, at least in the region adjacent said sensor probe means, and is provided with a sensor 
entry port adapted to receive said sensor probe means, said sensor entry port being provided with a fixed locating 
depression and said sensor probe means being provided with a complimentary fixed locating tooth, the positioning 

5 of said temperature and flow rate sensor housing means relative to said gases flow being controlled by the inter- 
connection of said locating depression and tooth. 

13- Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

10 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 

15 passing through said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, 
temperature sensing means adapted to sense the temperature of said gases flow, 

20 user input means to allow a user to set a required temperature of said gases flow, 

control means which receives Input from said flow probe means, said temperature sensing means and said 
user input means and controls said heating means in response to said inputs to maintain said gases flow at 
said required temperature. 

25 1 4. Humidification apparatus as claimed in claim 1 3 wherein said input from said flow probe means in combination with 
said input from said temperature sensing means allows said control means to determine if the humidification appa- 
ratus is in a normal operating condition or if abnormal operation has occurred. 

1 5. Humidification apparatus as claimed in claim 1 3 or claim 14 wherein said flow probe means comprises: 

30 

sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 
tudinal axis substantially perpendicular to said humidified gases flow and a sensing end, 
sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 
jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 
of said sensor housing means. 

16. Humidification apparatus as claimed in claim 15 wherein said flow probe means comprise two said projecting lab 
means. 

40 

17. Humidification apparatus as claimed in claim 15 wherein said two projecting tab means are oppositely positioned 
around said sensor housing means. 

1 8- Humidification apparatus as claimed in claim 1 5 wherein each said at least one projecting tab means is aligned par- 
45 allel to said gases flow. 

1 9- Humidification apparatus as claimed in claim 15 wherein liquid condensate is dispersed along the lines of intersec- 
tion between said sensor housing means and said at least one tab means, ihere existing a localised area of low 
surface tension along said lines of intersection. 

50 

20. Humidification apparatus as claimed in claim 15 wherein said flow probe means comprise two sensor housing 
means, a temperature sensor housing means and a flow rate sensor housing means. 

21. Humidification apparatus as claimed in claim 20 wherein said sensing means of said temperature sensor housing 
55 means and said flow rate sensor housing means each comprise a temperature dependent resistance. 

22. Humidification apparatus as claimed in claim 20 wherein said sensing means of said flow rate sensor housing 
means is occasionally heated to a predetermined difference temperature above the temperature of said gases flow, 
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the power required by said sensor means of said flow rate sensor liousing means to maintain said predeterrrdned 
difference temperature providing an indication of the flow rate of said gases. 

23. Humidification apparatus as claimed in claim 20 wherein said sensing means of said flow rate sensor housing 
means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing means of 
said temperature sensor housing means is encapsulated at or near the sensing end of the temperature sensor 
housing means. 

24. Humidification apparatus as claimed in claim 20 wherein said temperature and flow rate sensor housing means are 
spaced across said gases flow in order that heat produced by the sensing means of said flow rate sensor housing 
means has substantially minimal effect on the sensing means of said temperature sensor housing means. 

25. Humidification apparatus as claimed in claim 20 wherein said flow rate sensor housing means is positioned up 
stream of said tenrperature sensor housing means in order that heat produced by the sensing means of said flow 
rate sensor housing means does not effect the sensing means of said temperature sensor housing means. 

26. Humidification apparatus as claimed in claim 15 wherein said gases transportation pathway means has a known 
cross-sectional area, at least in the region adjacent said f bw probe means, and is provided with a sensor entry port 
adapted to receive said flow probe means, said sensor entry port being provided with a fixed locating depression 
and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of said tem- 
perature arrd flow rate sensor housing means relative to said gases flow being controlled by the interconnection of 
said locating depression and tooth. 

27. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means, said heating means utilising a measurable quantity of 
power, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, 

control means which receives input from said flow probe means and storing a program which causes the con- 
trol means to: 

i) calculate the power usage required of said heating means in order to humidify said gases flow to a pre- 
determined level at the gases flow rate sensed by said flow probe means, 

ii) determine the power presently being utilised by said heating means, and 

iii) supply said predetermined level of power to said heating means if the determined present power utili- 
sation of said heating means is less than said required power usage. 

28. Humidification apparatus as claimed in claim 27 wherein said step of calculating the power usage required of said 
heating means in order to humidify said gases flow comprises sensing the present gases flow by said flow probe 
means and searching in a data storage means fcr a previously stored power value associated with said sensed 
gases flow rate, said data storage means being previously supplied with flow rate and associated power usage val- 
ues. 

29. Humidification apparatus as claimed in claim 27 or claim 28 wherein said step of calculating the power usage 
required of said heating means in order to humidify said gases flow also comprises the steps of calculating the rate 
of evaporation required in order to attain said predetermined level at the sensed gases flow rate and then determin- 
ing the power required of said heating means to produce the required said rate of evaporation 

30. Humidification apparatus as claimed in claim 27 or claim 28 wherein said humidification apparatus also comprises 
a temperature sensing means adapted to sense the temperature of said gases flow leaving said humidification 
chamber means and to supply a temperature signal to said control means and said program stored by said control 
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means includes, between said steps (ii) and (iii), the step of: 

iia) controlling the energisation of said heating means in order to maintain said gases flow rate exiting said 
humidification chamber means at a predetermined temperature. 

Humidification apparatus as claimed in claim 27 or daim 28 wherein said program stored by said control means 
also comprise the subsequent step of: 

iv) sensing the temperature of the gases leaving the humidification chamber means and returning to step (1) 
10 when the sensed temperature is less than said predetermined temperature. 

32. Humidification apparatus as claimed in claim 27 or claim 28 wherein said flow probe means comprises: 

sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 
15 tudinal axis substantially perpendicular to said humidified gases flow and a sensing end, 

sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at lea^t one pro- 
jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 
of said sensor housing means. 

so 

33. Humidification apparatus as claimed in claim 32 wherein said flow probe means comprise two said projecting tab 
means. 

34. Humidification apparatus as claimed in claim 32 wherein said two projecting tab means are oppositely positioned 
25 around said sensor housing means. 

35. Humidification apparatus as claimed in claim 32 wherein each said at least one projecting tab means is aligned par- 
allel to said gases flow. 

30 36. Humidification apparatus as claimed in claim 32 wherein liquid condensate is dispersed along the lines of intersec- 
tion between said sensor housing means and said at least one tab means, there existing a localised area of low 
surface tension along said lines of intersection. 

37. Humidification apparatus as claimed in claim 32 wherein said flow probe means comprise two sensor housing 
35 means, a temperature sensor housing means and a flow rate sensor housing means. 

38. Humidification apparatus as claimed in claim 37 wherein said sensing means of said temperature sensor housing 
means and said flow rate sensor housing means each comprise a temperature dependent resistance. 

40 39. Humidification apparatus as claimed in claim 37 wherein said sensing means of said flow rate sensor housing 
means is occasionally heated to a predetermined difference temperature above the temperature of said gases flow, 
the power required by said sensor means of said flow rate sensor housing means to maintain said predetermined 
difference temperature providing an indication of the flow rate of said gases. 

45 40. Humidification apparatus as claimed in claim 37 wherein said sensing means of said flow rate sensor housing 
means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing means of 
said temperature sensor housing means is encapsulated at or near the sensing end of the temperature sensor 
housing means. 

so 41 . Humidification apparatus as claimed in claim 37 wherein said temperature and flow rate sensor housing means are 
spaced across said gases flow in order that heat produced by the sensing means of said flow rate sensor housing 
means has substantially no effect on the sensing means of said temperature sensor housing means. 

42. Humidification apparatus as claimed in claim 37 wherein said flow rate sensor housing means is positioned up 
55 Stream of said temperature sensor housing means in order that heat produced by the sensing means of said flow 

rate sensor housing means does not effect the sensing means of said temperature sensor housing means. 

43. Humidification apparatus as claimed in claim 32 wherein said gases transportation pathway means has a known 
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cross-sectional area, at least in the region adjacent said sensor probe means, and is provided with a sensor entry 
port adapted to receive said flow probe means, said sensor entry port being provided with a fixed locating depres- 
sion and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of said 
temperature and flow rate sensor housing means relative to said gases flow being controlled by the interconnection 
of said locating depression and tooth. 

44. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means. 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 

said gases flow to said patient or other person in need of such gases, 

flow probe means adapted to sense the flow rate of said gases flow, 

temperature sensing means adapted to sense the temperature of said gases flow. 

user Input means to allow a user to select a desired gases humidity level of said gases flow, 

data storage means containing information on target gases temperatures at various gases flow rates for a 

number of humidification chamber outlet means temperatures, 

control means which receives input from said temperature sensing means and said user input means and 
using said flow information from said flow probe means repeatedly obtains corresponding target temperature 
information from said data storage means corresponding to the desired gases humidity level and varies the 
heat provided by said heating means until the sensed temperature is substantially equivalent to said target 
temperature in order to obtain said desired gases humidity level. 

45. Humidification apparatus as claimed in claim 44 wherein said gases transportation pathway means includes a 
heating wire means adapted to, upon energisation to a setting determined by said control means, supply heat to 
said gases flow between said humidification means outiet and said patient or other person in need to such gases 
and wherein said control means thereby controls temperature changes in said gases flow along said gases trans- 
portation pathway, said control means adjusting said setting of said heating wire to control the temperature of said 
gases flow delivered to said patient or other person in need of such gases to a user set desired temperature. 

46. Humidification apparatus as claimed in claim 44 or claim 45 wherein said flow probe means comprises: 

sensor housing means adapts for positioning in said gases flow, said sensor housing means having a longi- 
tudinal axis substantially perpendicular to said humidified gases flow and a sensing end, 
sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 
jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 
of said sensor housing means. 

47. Humidification apparatus as claimed in claim 46 wherein said flow probe means comprise two said projecting tab 
means. 

48. Humidification apparatus as claimed in claim 46 wherein said two projecting tab means are oppositely positioned 
around said sensor housing means. 

49. Humidification apparatus as claimed in claim 46 wherein each said at least one projecting tab means is aligned par- 
allel to said gases flow. 

50. Humidification apparatus as claimed in claim 46 wherein liquid condensate is dispersed along the lines of intersec- 
tion between said sensor housing means and said at least one tab means, there existing a localised area of low 
surface tension along said lines of intersection. 

51. Humidification apparatus as claimed in claim 46 wherein said flow probe means comprise two sensor housing 
means, a temperature sensor housing means and a flow rate sensor housing means. 
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52. Humidification apparatus as claimed in claim 51 wherein said sensing means of said temperature sensor housing 
means and said flow rate sensor housing means each comprise a temperature dependent resistance. 

53. Humidification apparatus as claimed in claim 51 wherein said sensing means of said flow rate sensor housing 
means is occasionally heated to a predetermined difference temperature above the temperature of said gases flow 
and the power required by said sensor means of said flow rate sensor housing means to maintain said predeter- 
mined difference temperature providing an indication of the flow rate of said gases. 

54. Humidification apparatus as claimed in claim 51 wherein said sensing means of said flow rate sensor housing 
means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing means of 
said temperature sensor housing means is encapsulated at or near the sensing end of the temperature sensor 
housing means. 

55. Humidification apparatus as claimed in claim 51 wherein said tenrperature and flow rate sensor housing means are 
spaced across said gas^ flow in order that heat produced by the sensing means of said flow rate sensor housing 
means has substantially minimal effect on the sensing means of said temperature sensor housing means. 

56. Humidification apparatus as claimed in claim 51 wherein said flow rate sensor housing means is positioned up 
stream of said temperature sensor housing means in order that heat produced by the sensing means of said flow 
rate sensor housing means does not effect the sensing means of said temperature sensor housing means. 

57. Humidification apparatus as claimed in claim 46 wherein said gases transportation pathway means has a known 
cross-sectional area, at least in the region adjacent said sensor probe means» and is provided with a sensor entry 
port adapted to receive said flow probe means, said sensor entry port being provided with a fixed locating depres- 
sion and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of said 
temperature and flow rate sensor housing means relative to said gases flow being controlled by the interconnection 
of said locating depression and tooth. 

58. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quarrtity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, 
temperature sensing means adapted to sense the temperature of said gases flow, 

user input means which may be in one of a predetermined number of states con'esponding to one of a number 
of gases delivery configurations, each configuration optimally requiring a predetermined gases temperature 
and humidity level, 

control means which receives input from said flow probe means, said temperature sensing means and said 
user input means and controls said heating means to provide said gases flow to said patient or other person in 
need of such gases at a temperature and humidity level as indicated by said user input means. 

59. Humidification apparatus as claimed^n claim 58 wherein said user input means comprise a two state input device 
with a first state corresponding to an intubated gases delivery configuration and a second state corresponding to 
an intact airways gases delivery configuration. 

60. Humidification apparatus as claimed in claim 59 wherein said intubated gases delivery configuration comprises 
delivering gases at a temperature of about 37*»C and a humidity of about 44mg HgO per litre of gases and said intact 
ainways gases delivery configuration conrprises delivering gases at a temperature of about sa^'C and a humidity 
level of about 30mg H2O per litre of gases. 

61. Humidification apparatus as claimed in claim 58 or claim 59 wherein said control means receives input from said 
flow probe means and stores a program which causes the control means to: 
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i) calculate the power usage required of said heating means in order to humidify said gases flow to a predeter- 
mined level at the gases flow rate sensed by said flow probe means, 

ii) determine the power presently being utilised by said heating means, and 

iii) supply said predetermined level of power to said heating means rf the determined present power utilisation 
5 of said heating means is less than said required power usage. 

62. Humidif ication apparatus as claimed in claim 61 wherein said step of calculating the power usage required of said 
heating means in order to humidify said gases flow comprises sensing the present gases flow by said flow probe 
means and searching in a data storage means for a previously stored power value associated with said sensed 

10 gases flow rate, said data storage means being previously supplied with flow rate and associated power usage val- 
ues. 

63. Humidiflcation apparatus as claimed in claim 61 wherein said step of calculating the power usage required of said 
heating means in order to humidify said gases flow also comprises the steps of calculating the rate of evaporation 

75 required in order to attain said predetermined level at the sensed gases flow rate and then determining the power 
required of said heating means to produce the required said rate of evaporation. 

64. Humidiflcation apparatus as claimed in claim 61 wherein said program stored by said control means includes, 
between said steps (ii) and (iii), the step of: 

20 

iia) controlling the energisation of said heating means in order to maintain said gases flow rate exiting said 
humidif ication chamber means at a predetermined temperature. 

65. Humidiflcation apparatus as claimed in claim 61 wherein said program stored by said control means also comprise 
25 the subsequent step of: 

iv) sensing the temperature of the gases leaving the humidif ication chamber means and returning to step (i) 
when the sensed tennperature is less than said predetermined temperature. 

30 66. Humidiflcation apparatus as claimed in claim 61 wherein said humidiflcation apparatus also comprise data storage 
means containing information on target gases tenperatures at various gases flow rates for a number of humidiflca- 
tion chamber outlet means temperatures and said control means receives input from said temperature sensing 
means and said user Input means and using said flow information from said flow probe means repeatedly obtains 
con^esponding target temperature information from said data storage means con-esponding to the desired gases 

35 humidity level and varies the heat provided by said heating means until the sensed tenrtperature is substantially 
equivalent to said target temperature in order to obtain said desired gases humidity level. 

67. Humidiflcation apparatus as claimed in claim 58 or claim 59 wherein said gases transportation pathway means 
includes a heating wire means adapted to. upon energisation to a setting determined by said control means, supply 
40 heat to said gases flow between said humidiflcation means outlet and said patient or other person in need to such 
gases and wherein said control means thereby controls temperature changes In said gases flow along said gases 
transportation pathway said control means adjusting said setting of said heating wire to control the temperature of 
said gases flow delivered to said patient or other person in need of such gases to a user set desired temperature. 

45 68. Humidiflcation apparatus as claimed In claim 58 or claim 59 wherein said flow probe means comprises: 

sensor. housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 
tudinal axis substantially perpendicular to said humidified gases flow and a sensing end* 
sensing means housed within said sensor housing means at or near said sensing end, and 
so at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 

jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 
of said sensor housing means. 

69. Humidiflcation apparatus as claimed in claim 68 wherein said flow probe means comprise two said projecting tab 
55 means. 

70. Humidif ication apparatus as claimed in claim 68 wherein said two projecting tab means are oppositely positioned 
around said sensor housing means. 
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71 . Humidif ication apparatus as claimed in claim 68 wlierein each said at least one projecting tab means is aligned par- 
allel to said gases flow. 

72. Humidif ication apparatus as claimed in claim 68 wherein liquid condensate is dispersed along the lines of intersec- 
tion between said sensor housing means and said at least one tab means, there existing a localised area of low 
surface tension along said lines of intersection. 

73. Humidification apparatus as claimed in claim 68 wherein said flow probe means comprise two sensor housing 
means, a temperature sensor housing means and a flow rate sensor housing means. 

74. Humidification apparatus as claimed in claim 73 wherein said sensing means of said temperature sensor housing 
means and said flow rate sensor housing means each comprise a tenperature dependent resistance. 

75. Humidification apparatus as claimed in claim 73 wherein said sensing means of said flow rate sensor housing 
means is occasionally heated to a predetermined difference temperature above the temperature of said gases flow 
and the power required by said sensor means of said flow rate sensor housing means to maintain said predeter- 
mined difference temperature providing an indication of the flow rate of said gases 

76. Humidification apparatus as claimed in claim 73 wherein said sensing means of said flow rate sensor housing 
means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing means of 
said temperature sensor housing means is encapsulated at or near the sensing end of the temperature sensor 
housing means. 

77. Humidification apparatus as claimed in claim 73 wherein said temperature and flow rate sensor housing means are 
spaced across said gases flow in order that heat produced by the sensing means of said flow rate sensor housing 
means has substantially minimal effect on the sensing means of said temperature sensor housing means. 

78. Humidification apparatus as claimed in claim 73 wherein said ffow rate sensor housing means is positioned up 
stream of said temperature sensor housing means in order that heat produced by the sensing means of said flow 
rate sensor housing means does not effect the sensing means of said temperature sensor housing means. 

79. Humidification apparatus as claimed in daim 68 wherein said gases transportation pathway means has a known 
cross-sectional area, at least in the region adjacent said sensor probe means, and is provided with a sensor entry 
port adapted to receive said flow probe means, said sensor entry port being provided with a fixed locating depres- 
sion and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of said 
temperature and flow rate sensor housing means relative to said gases flow being controlled by the interconnection 
of said locating depression and tooth. 

80. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person In need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an Inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, said gases transportation pathway 
means having a patient end, distal to said end connected to said outlet of said humidification chamber means, 
first temperature sensing means adapted to sense the temperature of said gases flow substantially at said out- 
let of said humidification chamber means, 

second temperature sensing means adapted to sense the temperature of said gases flow substantially at said 

patient end of said gases transportation pathway means, 

display means adapted to display temperature information to a user, 

control means which receives input from said first temperature sensing means and outputs a signal to said dis- 
play means to cause a temperature to be displayed to the user which is the lower of the temperatures sensed 
by said first and said second temperature sensing means. 
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81. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases oomprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means In order to provide water vapour to said gases flow 
passing through said humidification chamber means, 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, 
flow probe means adapted to sense the flow rate of said gases flow, and 

control means which receives input from said flow probe means and compares the sensed flow rate of said 
gases flow with a predetermined minimum required gases flow rate and places the humidif icatlon apparatus 
into a safe mode of operation if the sensed rate is less than said predetermined minimum rate. 

82. Humidification apparatus as claimed in claim 81 wherein said predetermined minimum required gases flow rate is 
about 1 .5 litres per minute. 

83. Humidification apparatus as claimed in claim 81 or claim 82 wherein heating plate temperature sensing means are 
also provided and said safe mode of operation includes said control means energising said heating means in such 
a way as to ensure that the temperature of said heating means does not exceed a predetermined maximum tem- 
perature. 

84. Humidification apparatus as claimed in claim 81 or claim 82 wherein said safe mode of operation includes said con- 
trol means limiting the power supplied to said heating means to a predetermined maximum level 

85. Humidification apparatus as claimed in claim 81 or claim 82 wherein said flow probe means comprises: 

sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 
tudinal axis sukkstantially perpendicular to said humidified gases flow and a sensing end, 
sensing means housed within said sensor housing means at or near said sensing end, and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 
jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 
of said sensor housing means. 

86. Humidification apparatus as claimed in claim 85 wherein said sensor probe means comprise two said projecting 
tab means. 

87. Humidification apparatus as claimed in claim 85 wherein said two projecting tab means are oppositely positioned 
around said sensor housing means. 

88. Humidification apparatus as claimed in claim 85 wherein each said at least one projecting tab means is aligned par- 
allel to said gases flow. 

89. Humidification apparatus means as claimed in claim 85 wherein liquid condensate is dispersed along the lines of 
intersection between said sensor housing means and said at least one tab means, there existing a localised area 
of low *surfar;e tension along said lines of Intersection. 

90. Humidification apparatus means as claimed in claim 85 wherein said sensor probe means comprise two sensor 
housing means, a temperature sensor housing means and a flow rate sensor housing means. 

91. Humidification apparatus means as claimed in claim 90 wherein said sensing means of said temperature sensor 
housing means and said flow rate sensor housing means each comprise a temperature dependent resistance. 

92. Humidification apparatus means as claimed in claim 90 wherein said sensing means of said flow rate sensor hous- 
ing means is occasionally heated to a predetermined difference temperature above the temperature of said gases 
flow, and the power required by said sensor means of said flow rate sensor housing means to maintain said prede- 
termined difference temperature providing an indication of the flow rate of said gases. 
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93. Humidification apparatus means as claimed in claim 90 wherein said sensing means of said flow rate sensor hous- 
ing means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing means 
of said temperature sensor housing means is encapsulated at or near the sensing end of the temperature sensor 
housing means. 

94. Humidification apparatus means as claimed in claim 90 wherein said temperature and flow rate sensor housing 
means are spaced across said gases flow in order that heat produced by the sensing means of said flow rate sen- 
sor housing means has substantially minimal effect on the sensing means of said temperature sensor housing 
means. . 

95. Humidification apparatus means as claimed in claim 90 wherein said flow rate sensor housing means is positioned 
up stream of said temperature sensor housing means in order that heat produced by the sensing means of said 
flow rate sensor housing means does not effect the sensing means of said temperature sensor housing means. 

96. Humidification apparatus means as claimed in claim 85 wherein said gases flow is channelled within a conduit of 
known cross-sectional area, at least in the region adjacent said flow probe means, and is provided with a sensor 
entry port adapted to receive said flow prcbe means, said sensor entry port being provided with a fixed locating 
depression and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of 
said temperature and flow rate sensor housing means relative to said gases flow being controlled by the intercon- 
nection of said locating depression and tooth. 

97. Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

heating means provided adjacent said humidification channber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means. 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, said gases transportation pathway 
means having a patient end, distal to said end connected to said outlet of said humidification chamber means, 
humidity sensing means which senses the humidity of said gases flow being supplied to said patient, 
timer means which may be used to time certain humidification apparatus events, 
alarm means which may be energised to provide a warning signal after a predetermined alarm time, 
storage means which stores said alarm times for a number of associated sensed humidity values, and 
control means which stores a program which causes the control means to: 

i) receive input of said sensed humidity value from said humidity sensing means, 

ii) obtain from said storage means the alarm time associated with said sensed humidity value, 

iii) start said timer means, 

iv) wait until the time elapsed by said timer means substantially equals said alarm time and 

v) energise said alarm means to provide said warning signal. 

98. Humidification apparatus means as claimed in claim 97 wherein said alarm times stored in said storage means are 
greater for sensed humidity values which are nearer to a predetermined required humidity value and smaller for 
sensed humidity values which are further away from said predetermined required humidity value. 

99. Humidification apparatus means as claimed in claim 98 wherein said storage means stores a number of sets of 
alarm times for a number of associated sensed humidity values, each set corresponding to individual said required 
humidity values. 

100. Humidrfication apparatus means as claimed in claim 97 or claim 98 wherein said humidity sensing means comprise 
dew point sensing means. 

101 .Humidification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 
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humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means. 

heating means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
5 passing through said humidification chamber means. 

heating means power utilisation sensing means which monitors the level of power being used by said heating 
means, 

heating means temperature sensing means which senses the temperature of said heating means, 
gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
10 said gases flow to said patient or other person in need of such gases, said gases transportation pathway 

means having a patient end, distal to said end connected to said outlet of said humidification chamber means, 
alarm means which may be energised to provide a warning signal after a predetermined alami time, and 
control means which stores a program which causes the control means to: 

15 i) determine a difference temperature by subtracting the gases temperature determined by said gases flow 

temperature sensing means from the heating means temperature sensed by said heating means temper- 
ature sensing means, 

ii) determine a power requirement value for the heating means from said heating means power utilisation 
sensing means, 

20 iii) calculate a thermal conductivity value by dividing said power requirement value by said difference tem- 

perature, 

iv) energise said alarm means if said calculated thermal conductivity value is less than a predetermined 
minimum allowable thermal conductivity value. 

25 102.Humidrficdtion apparatus means as claimed in claim 101 which also comprises flow probe means, adapted to 
sense the flow rate of said gases flow and storage means which stores a number of said predetermined minimum 
allowable thermal conductivity values with associated gases flow rates, and said control means is also programmed 
to carry out the step of 

30 iiia) determining the gases flow rate from said flow probe means and obtaining from said storage means the 

predetermined minimum allowable thermal conductivity value associated with the determined gases flow rate. 

lOS.Humidification apparatus means as claimed in claim 101 or claim 102 wherein said control means is also pro- 
grammed to carry out the step of 

35 

v) waiting a predetermined period of time and then repeating steps (i) to (v). 

104. Humidification apparatus as claimed in claim 102 wherein said flow probe means comprises: 

40 sensor housing means adapted for positioning in said gases flow, said sensor housing means having a longi- 

tudinal axis substantially perpendicular to said humidified gases flow and a sensing end 
sensing means housed within said sensor housing means at or near said sensing end. and 
at least one projecting tab means extending laterally from said sensor housing means, said at least one pro- 
jecting tab means providing surfaces which enable liquid condensate to disperse away from said sensing end 

45 of said sensor housing means. 

105. Humidification apparatus as claimed in claim 104 wherein said sensor probe means comprise two said projecting 
tab means 

so lOS.Humidification apparatus as claimed in claim 104 or claim 105 wherein said two projecting tab means are oppo- 
sitely positioned around said sensor housing means. 

1 07.Humidif ication apparatus as claimed in claim 1 04 or claim 1 05 wherein each said at least one projecting tab means 
is aligned parallel to said gases flow. 

55 

10B.Humidif ication apparatus means as claimed in claim 104 or claim 105 wherein liquid condensate is dispersed along 
the lines of intersection between said sensor housing means and said at least one tab means, there existing a 
localised area of low surface tension along said lines of intersection. 
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1 0S.Humidif ication apparatus means as claimed in claim 1 04 or claim 1 05 wherein said sensor probe means comprise 
two sensor housing means, a temperature sensor housing means and a flow rate sensor housing means. 

HG.Humidification apparatus means as claimed in claim 109 wherein said sensing means of said temperature sensor 
housing means and said f iow rate sensor housing means each comprise a temperature dependent resistance. 

m.Humidrfication apparatus means as claimed in claim 109 wherein said sensing means of said flow rate sensor 
housing means is occasionally heated to a predetermined difference temperature above the temperature of said 
gases flow, and the power required by said sensor means of said flow rate sensor housing means to maintain said 
predetermined difference temperature providing an indication of the flow rate of said gases. 

112. Humidification apparatus means as claimed in claim 109 wherein said sensing means of said flow rate sensor 
housing means is exposed at or near the sensing end of the flow rate sensor housing means while the sensing 
means of said temperature sensor housing means is encapsulated at or near the sensing end of the temperature 
sensor housing means. 

113. Humidrfication apparatus means as claimed in claim 109 wherein said temperature and flow rate sensor housing 
means are spaced across said gases flow in order that heat produced by the sensing means of said flow rate sen- 
sor housing means has substantially minimal effect on the sensing means of said temperature sensor housing 
means. 

114. Humidification apparatus means as claimed in claim 109 wherein said flow rate sensor housing means is posi- 
tioned up stream of said temperature sensor housing means in order that heat produced by the sensing means of 
said flow rate sensor housing means does not effect the sensing means of said temperature sensor housing 
means. 

1 15. Humidification apparatus means as claimed in claim 102 wherein said gases flow is channelled within a conduit of 
known cross-sectional area, at least in the region adjacent said flow probe means, and is provided with a sensor 
entry port adapted to receive said flow probe means, said sensor entry port being provided with a fixed locating 
depression and said flow probe means being provided with a complimentary fixed locating tooth, the positioning of 
said temperature and flow rate sensor housing means relative to said gases flow being controlled by the intercon- 
nection of said locating depression and tooth. 

116. Humrdification apparatus for humidifying a gases flow to be supplied to a patient or other person in need of such 
gases comprising: 

humidification chamber means adapted to hold a quantity of water and having an inlet and an outlet to allow 
said gases flow to pass through said humidification chamber means, 

heating, means provided adjacent said humidification chamber means and adapted to provide heat to said 
quantity of water in said humidification chamber means in order to provide water vapour to said gases flow 
passing through said humidification chamber means, said heating means utilising a measurable quantity of 
power. 

gases transportation pathway means connected to said outlet of said humidification chamber means to convey 
said gases flow to said patient or other person in need of such gases, 

gases transportation pathway heating means which are energisable to supply heat to said gases flow along at 
least a part of the length of said gases transportation pathway means, 

gases temperature sensing means which senses the temperature of said gases flow leaving said humidifica- 
tioh cl^amber means, 

user input means to allow a user to enter a required temperature offset value which is the required difference 
in temperature between the said sensed gases temperature and the temperature of the gases flow delivered 
to said patient, 

control means which stores a program which causes the control means to: 

i) determine the gases temperature of the gases leaving said humidification chamber means using said 
gases temperature sensing means, 

ii) receive said offset temperature value from said user input means, 

iii) calculate an ainway set-point temperature by adding said gases temperature to said offset temperature. 

iv) energise said gases transportation pathway heating means to increase the temperature of said gases 
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flow by said offset value along the length of said gases transportation pathway means. 

117.Humidificatlon apparatus means as claimed in claim 116 wherein said control means is also programmed to carry 
' out the st^ of: 

(iv) determining whether said offset temperature has been achieved along said gases transportation pathway 
means and if said offset temperature has not been achieved after a predetermined period of time then said 
heating means is controlled to reduce the temperature sensed by said gases temperature sensing means by 
a predetermined amount 

1 1 B.Humidif ication apparatus means as claimed in claim 1 1 6 wherein said control means Is also programmed to carry 
out the step of: 

vi) repeating steps (i) to (vi) until said offset tenrperature is maintained along said gases transportation pathway 
means. 
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(57) A flow probe (19) for use in a humidification 
system is disclosed. The flow probe (19) is adapted to 
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oxygen or anaesthetic gases) such as that which is pro- 
vided to a patient (13) in a hospital environment. The 
flow probe (19) is designed to provide both temperature 
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two sensors (34.35 preferably thermistors) and the 
shape and alignment of tiie probe (19) enables accurate 
readings by reducing the occurrence of condensation 
on the sensors (34.35). A number of possible applica- 
tions are disclosed wherein the flow sensor (19) is 
included in humidification control systems which pro- 
vide a patient (13) with a desired humidity level or sim- 
plify the amount of user input required or wherein tiie 
flow sensor (19) provides a controller (11) with flow 
information which may then be used to determine cer- 
tain, possibly dangerous, conditions (such as incorrect 
flow sensor placement, breathing circuit disconnected, 
no water in tiie humidification chamber (4) or humidity 
out of required limits). The flow probe (19) comprises 
sensor housing means (32.33) adapted for positioning 
said sensors (34,35) in said gas flow and at least one 
projecting tab means (37.38,39,40) extending laterally 
from said sensor housing means (32,33), said at least 
one projecting tab means (37.38,39,40) providing sur- 



faces which enable liquid condensate to disperse away 
from said sensing end (36) of said sensor housing 
means (32.33). 
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